Calorimetric measurements on KD2PO» have been conducted, and the transition is found to be first order with an entropy change at T, of (0.2407+0.0016)R. The entropy change associated with destruction of the polarization from O'K to T, is found to be (0.4234+0.0071)R. It is shown that a mean-field theory of the type proposed by Silsbee, Uehling, and Schmidt can give a good account of the heat capacity and polarization to within about 1 K of T"although the latent heat and entropy are not predicted satisfactorily, presumably because of the breakdown of the mean-field approximation close to the transition. Below T, the divergence in the heat capacity may be argued to be logarithmic in the region closer than 1' to T" or to be as 1/(T, T) "s in -the region T, -2'& T& T, -0. 2'. Arguments are otfered in favor of the logarithmic divergence.
I. INTRODUCTION t 1HE importance of the establishment of long-range ..order of the hydrogen-bond network in the ferroelectric transition of potassium dihydrogen phosphate and its isomorphs is by now well established. " As a rather dramatic manifestation of the role of the hydrogen-bond system in the transition, one can cite the shift in critical temperature from about 121'K to about 220'K' which occurs on deuteration. Recently, high-resolution calorimetric measurements were made in a study of the phase transition of KHsPO4 (KDP) which showed the transition to be second order, or at least "nearly so" in the sense that the latent heat, if any, was small. This work is an extension of the previous study to the deuterated isomorph KD2P04 (DKDP) in which it is found that the transition is of first order and that a classical, mean-Geld theory gives rather satisfactory account of the thermodynamic properties except within a few degrees of the transition.
The crystal structure of KDP-type crystals in the paraelectric phase is a tetragonal, "diamond-like" structure in which each phosphate group is surrounded by a tetrahedron of other phosphate groups, with hydrogen bonds connecting phosphate groups. In the ferroelectric transition, the unit cell undergoes a small shear (about -, ") lowering the symmetry and causing displacements of the phosphate groups and potassium ions sufhcient to account for the observed spontaneous polarization.
The potential well for the hydrogens has a double minimum, leading to two possible o6-center hydrogen positions. Slater' erst recognized that the ordering of the hydxogens within these two possible potential minima plays a key role in the transition. In this paper, we will adopt the notation of Silsbee, Uehling, and f Work supported by the U.S. Ofhce ' F. Jona and G. Shirane, Ferroetectrsc Crystals (The Macmillan Co. , New York, 1962) .
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Schmidt (SUS) . In such a discussion the arrangement in which both "lower" (or "upper") ORNL-1745 ORNL- , 149, 1954 .
R. Blinc and S. Svetina, Phys. Rev. 147', 430 (1966 In order to make further progress in the analysis of the data one needs some method by which to subtract the contribution to the total heat capacity due to lattice vibrations, C6. This procedure is certainly the most difficult part of the entire analysis and the one most subject to criticism, but a step which must be completed before further analysis can be attempted. If this step is carried out incorrectly the remaining conclusions are subjected to corresponding doubt. In this work we have adopted the following technique for estimating Cg. There exist quite good measurements of the heat capacity of KDP over this temperature interval, '4 which, if theories of the Slater type are "' J. L, Bjorkstam, Phys. Rev. 153, 599 (1967) . correct, consist of a lattice contribution plus a small contribution from disordering in the hydrogen-bond system. We have assumed that: (1) The lattice contributions in KDP and DKDP are identical, (2) that the contribution of hydrogen-bond-system disordering can be calculated using the SUS theory, and (3) that the two parameters needed for this calculation can be scaled from the parameters used in the analysis of DKDP given below. These points and their uncertainties will be discussed below in the reverse order. Figure 2 shows the relationship between the calculated lattice contribution and the total heat capacity, and indicates that our assumptions at least lead to a plausible curve which might be drawn simply on the criterion of a simple smooth curve under the data. In view of the uncertainties noted above, it is probably optimistic to assume that the lattice contribution is known to within 1%%u~, particularly in the ferroelectric phase, and particularly in the immediate neighborhood of the transition. However, in this regard we note that the total heat capacity in the neighborhood of the transition is so large that a relatively large uncertainty in Cg results in only a small percentage uncertainty in C -Cg. coming from the estimate of Cg is given, but the uncertainty is probably at least twice as large as the assigned error bars.
Let us now turn to a comparison of our results with the SUS theory. We take as fixed the value of e~o btained from the resonance measurements and the transition temperature. We then have one free parameter which we shall take as es, adjusting P so as to keep 2; fixed at 219.962'K. One way of choosing this additional parameter is to require that the theory match the latent heat. This choice gives us es/&= 102'K and P/4=30. 7'K. This may not be the best choice for the parameter, because one expects theories of the meanfield type to break down in the neighborhood of the transition temperature; we have, therefore, also investigated the choice es/k=94. 3'K and P/&=35. 6'K, chosen to produce a fit to the heat-capacity data between 217 and 219'K. Both of these parameter sets are different from that deduced by SUS, who attempted to fit measurements of the spontaneous polarization with parameters which gave a transition of second order. The data are then compared with the predictions of the SUS theory in Fig. 3 . The data shown are those tabulated in Table I with the error bars assigned on the basis of an 0.5% uncertainty in the original data. Not shown is an indication of the uncertainties due to the choice of C|. -. Both choices give at least qualitative success, with the quantative success above T, giving us considerable encouragement that our choice of Cg is a correct one. The second set of parameters gives a much better fit to the heat-capacity data, as might be expected on the basis of the method of choice. However, this set of parameters predicts an entropy change at T, of 0.31318, about 30% higher than the observed value. Also, it might be pointed out that both parameter choices lead to a value of the entropy of the paraelectric state at T. of 0.528, which is about 23% larger than the experimental value. We take this failure of the SUS theory to be symptomatic of the generic failure of theories of the mean-Geld type near the critical point. In this regard, Fig. 3. 'r R. M. Hill and S. K. Ichiki, Phys. Rev. 132, 1603 (1963 .
we see that the heat-capacity rises above the calculated curve in the region~T T,~( 1'-K as in the usual failure of mean-field theory to account for phenomena near the phase transition.
In Fig. 4 In assessing these two attempts to fit the critical-point behavior one might keep in mind that a mean-held theory can account for the data further than 1' from the transition.
contribution to the heat capacity from correlation phenomena than in KDP. We shall concentrate our attention on the data below T, because it is only for these data that the role of Cg is relatively small and it is in this region that we have the best quality data. The two standard methods of the analysis of critical point heat capacities are presented in Fig. 5 . Figure 5(a) presents a log-log plot of C -Cg versus T, -T in an attempt to fit the divergence to a power law. The solid line is a fit to a divergence of the form 1/(T, T)'~'-which is the power law which has been found to best The low-lying phonon and magnetic excitations of Coo have been studied experimentally and theoretically, both above and below the antiferromagnetic ordering temperature. The experiments were performed using the technique of inelastic scattering of slow neutrons with the aid of a triple-axis crystal spectrometer. These experiments were dificult because the phonon and magnetic excitations have very similar frequencies, and also because the specimen has a domain structure in the antiferromagnetic phase. Nevertheless, models were obtained for the phonon spectra. The magnetic spectra of the paramagnetic phase can be understood if the spin-orbit coupling parameter of Co'+ of CoO is reduced to 40'%%u& of its free-ion value. With this value it is then possible to understand the excitations in the antiferromagnetic phase in at least a qualitative way by introducing nearest-and next-nearest-neighbor exchange parameters. A detailed evaluation of this theory of the magnetic excitations is not possible, because of the dBBculties encountered in the experimental part of the study; nevertheless, it is believed that the description given here is essentially correct.
I. INTRODUCTION r wHE magnetic properties of cobaltous oxide (CoO) ..are of considerable interest both theoretically and experimentally. Experimentally it is of interest that CoO is an antiferromagnet with a high Neel temperature, about 293'K, and in its paramagnetic phase it has the cubic NaCl structure. From the theoretical aspect CoO is of interest because the Co'+ ion has orbital angular momentum which is not quenched entirely by the cubic crystalline 6eld. There are some Iow-lying excited states of the Co'+ ion, and it is of interest to determine the extent to which they modify the magnetic properties. (1966) .
